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: Average interaction energies, Enucl−SWCNT, and standard deviations, σE, between single nucleotides and SWCNTs. The energies were averaged over the last 10 ns of simulations for nucleotides stacked to SWCNTs.
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Figure S1: Circular dichroism (CD) spectra for (GT)15 DNA-and (GU)15RNA-SWCNT samples. Spectra were taken immediately after dilution from 100 mg/L to 2 mg/L at t = 0 and t = 30 minutes later. No difference is observed between the CD spectra of both samples within a time lapse of 30 minutes, suggesting that the DNA or RNA does not desorb from the SWCNT into solution within this time frame. S4 Figure S2 : Fluorescence emission spectra of G15T15 DNA -SWCNT over the course of 300 minutes, 785 nm 200 mW excitation source, and 10-second acquisition time. Each peak corresponds to the emission of a particular SWCNT chirality from a multi-chirality SWCNT sample. The G15T15 DNA sequence is known to have a strong tendency to form a secondary structure. Sequences of more than 4 guanine bases can form g-quadruplex structures, therefore a G15T15 sequence is expected to vascillate between tight "DNA-like" binding to the SWCNT, and "RNA-like" binding to itself via G-quadruplex formation. As expected, the results of this equilibration experiment for G15T15 DNA-SWCNT show a much more "RNA-like" behavior of this polymer on SWCNT. This can be explained by the increased tendency of strings of guanine bases to form g-quadruplexes off the SWCNT surface. Figure S3 : Fluorescence emission of (GT)15 DNA -SWCNT and (GU)15 RNA -SWCNT Each sample was diluted to 2 mg/L in PBS under constant laser irradiation over 145 and 121 minutes (solid lines), compared to a reference of each sample that was not laser irradiated until the final timepoint (dotted black line). Tracking the peak fluorescence over time shows that larger diameter tubes have larger fluorescence enhancement, and that this effect is independent of laser irradiation.
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Samples were irradiated with a 785 nm laser, where each spectrum is taken over a 20 sec exposure. The change in SWCNT fluorescence intensity correlates with the stacking of individual nucleotide bases along the surface of the SWCNT, as suggested in Figure 6 . To model this system, we consider each SWCNT divided into θ segments, each representing a segment of the SWCNT that increases in luminescence with ordered DNA or RNA polymer wrapping, as shown previously 48 .
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The change in fluorescence increases with each base N that stacks onto the SWCNT surface.
Here, the total number of available SWCNT stacking sites can be determined by a simple sum of sites upon which nucleotides have stacked and free sites:
The equilibrium constant KA for the base stacking interaction reaction stated in Eqn. 1 can be represented by: ] (3) At any given timepoint, the number of sites is a sum of available sites and sites occupied by nucleotide stacking as determined by the stacking rate:
In turn, the stacking rate is determined by the accessibility of individual bases when they are in polymer form. We propose, based on our experimental results and our molecular dynamics S15 simulations that the following factors contribute to the propensity of base-stacking to SWCNT.
First, the persistence length of the polymer will contribute to the ease of nucleotide stacking.
Previous studies show that the ratio of single-stranded DNA/RNA persistence lengths at our experimental conditions of 50 mM NaCl is approximately 0.75 58 . Therefore, we expect that DNA nucleotides will stack onto the SWCNT more readily than the RNA nucleotides constrained into a stiffer polymer. Second, the formation of off-SWCNT secondary structures can inhibit base stacking. Our molecular dynamics simulations show a higher propensity of off-SWCNT secondary structure formation for RNA over DNA; a smaller fraction of RNA polymer is found to stack to SWCNT, as shown in Figure 5c-d , where ssRNA forms larger folded regions in the solution than DNA, as highlighted in Figure 5a . Third, the radius of the SWCNT affects the ease of polymer stacking. As the persistence length of both DNA and RNA is longer than the diameter of all assayed SWCNT by at least two-fold 33,58 , DNA and RNA polymers are expected to wrap larger SWCNT more easily than smaller SWCNT diameters, as we show experimentally in Figure 1c .
Therefore, the SWCNT diameter, d, and the polymer persistence length, Lp, are determinants in the ability of nucleotides to stack on the SWCNT. The SWCNT diameter and polymer persistence length are inversely proportional to the SWCNT intensity response, and both contribute a resistance to nucleotide stacking. We can define the turn-on response of the SWCNT due to nucleotide stacking as the cooperative binding of nucleotides to a multi-site SWCNT via a variant of the hill equation:
Where (I-Io)/Io is the normalized change in SWCNT fluorescence, α is a factor that combines our three effects representing nucleotide resistance to stacking on the SWCNT, and ɣ is a background constant.
We model the base-stacking kinetics with an undefined reaction order, since the stacking of an individual nucleotide is affected by its neighboring bases, or by secondary structure formation in the case of bases beyond the polymer's persistence length. As our experimental results show no net desorption of whole polymers from the SWCNT, we estimate that polynucleotides rarely desorb from the SWCNT once adsorbed:
It is assumed that the SWCNT fluorescence increase is instantaneous upon base stacking.
We then use this model to fit our data for the 7,5 chirality SWCNT for both (GT)15 DNA-SWCNT and (GU)15 RNA-SWCNT (Figure 1c, dotted lines) . As expected, for (GT)15 DNA-SWCNT, the contribution of α, the resistance to nucleotide stacking, is negligible with α = 1.6x10 -6 . The fit S17 yields a cooperativity of n = 2.2, and a background constant of ɣ = 0.03. The positive cooperativity is reflective of the short DNA persistence length that enables adjacent nucleotides to wrap the SWCNT circumference without requiring neighboring bases to adopt energetically unfavorable conformations to stack on the SWCNT surface. In contrast, for ( 
S18
The data show three clear regimes; therefore we adapted our model to reflect two reversible equilibria between species at the interface of three intensity regimes (Figure 3a, green, white,   purple) . The association, and therefore the normalized total SWCNT fluorescence intensity I o , is strong between A and below 10 -1 mg/L SWCNT, is low between B and between 10 -1 mg/L and 10 0 mg/L SWCNT, and recovers for the complexation of B and above 10 0 mg/L SWCNT. 
For DNA, fitting this model to our data (R 2 = 0.991) yields no cooperativity between DNA nucleotides with n = -0.006. For RNA, fitting this model to our data (R 2 = 0.997) yields a proportionality factor of α = -1.68e 4 , with a negative cooperativity between RNA nucleotides of n = -0.38. The higher cooperativity between RNA bases is expected due to the increased rigidity of the RNA backbone, and its interference with forming a properly stacked structure on the SWCNT 
